f Many mucosal factors in the female genital tract (FGT) have been associated with HIV susceptibility, but little is known about their anatomical distribution in the FGT compartments. This study comprehensively characterized global immune factor expression in different tissue sites of the lower and upper FGT by using a systems biology approach. Tissue sections from the ectocervix, endocervix, and endometrium from seven women who underwent hysterectomy were analyzed by a combination of quantitative mass spectrometry and immunohistochemical staining. Of the >1,000 proteins identified, 281 were found to be differentially abundant in different tissue sites. Hierarchical clustering identified four major functional pathways distinguishing compartments, including innate immune pathways (acute-phase response, LXR/RXR) and development (RhoA signaling, gluconeogenesis), which were enriched in the ectocervix/endocervix and endometrium, respectively. Immune factors important for HIV susceptibility, including antiproteases, immunoglobulins, complement components, and antimicrobial factors, were most abundant in the ectocervix/endocervix, while the endometrium had a greater abundance of certain factors that promote HIV replication. Immune factor abundance is heterogeneous throughout the FGT and shows unique immune microenvironments for HIV based on the exposure site. This may have important implications for early events in HIV transmission and site-specific susceptibility to HIV in the FGT.
T
he female genital tract (FGT) is the first site of contact for sexually transmitted infections such as HIV, and heterosexual transmission via the FGT remains the main route of infection worldwide (1) . The FGT has both anatomical and biological innate defensive mechanisms to prevent infection with invading microbes. These include physical barriers such as a mucous epithelial layer and biological barriers that include immune cells stationed in the submucosa and/or epithelium. Mucosal secretions that cover the epithelium contain a plethora of innate and adaptive factors that can neutralize and kill invading microorganisms. Although these offer protection, HIV is still capable of bypassing these barriers. Portals of entry into the FGT may include the multilayered squamous epithelium of the ectocervix and vaginal surface, the single columnar epithelium of the endocervix, and potentially the endometrium, as infected semen can move upward through the endocervical canal. Therefore, the entire FGT is a potential target for HIV acquisition.
Many soluble factors secreted in the FGT have been implicated in playing important roles against HIV infection. These include proteins such as mucins, antileukoproteinase (secretory leukocyte protease inhibitor [SLPI] ), elafin, lysozyme, defensins, thrombospondin, cathepsins, histones, and heat shock proteins (2, 3) . Mucosal antibodies are important for the antiviral activity of the FGT (4) and are implicated in protective mucosal responses in animal and human vaccine trials (5, 6) . Complement components also play important roles in the innate and adaptive immune systems (7) and are of particular importance, as they can either inhibit or facilitate HIV-1 infection (8) . Studies of HIV-exposed seronegative (HESN) individuals have shown that specific adaptive and innate factors are associated with HIV resistance, including HIVneutralizing IgA antibodies (9) (10) (11) and overexpression of serine/ cysteine antiproteases such as serpins, elafin, cystatins, and A2ML1 (12) (13) (14) . However, little is known about the anatomical sites, spatial expression, or cell types that express these factors within the FGT. A better characterization of immune factor expression in these tissues and their anatomical distribution would aid in our understanding of this mucosal surface that is at the forefront of exposure to HIV and other pathogens. This would also help us define the immune environments of the sites of first exposure to HIV.
In this study, we define for the first time the anatomical distribution of immune factors in the FGT. We used a systems biology approach to characterize tissue sites of the lower and upper FGT, including the ectocervix, endocervix, and the endometrium from healthy women. The application of mass spectrometry-based proteomic techniques has allowed for a more in-depth examination of mucosal environments (13, 15) , and here we characterized individual expression patterns of Ͼ1,000 unique proteins, identifying anatomical differences in immune factor expression important for HIV pathogenesis.
MATERIALS AND METHODS
Study population and sample collection. Genital tissue samples were obtained from seven women (mean age, 48 years; range, 42 to 57 years) who underwent hysterectomy for nonmalignant and noninflammatory conditions (heavy menstrual bleeding and/or benign myoma) at the St. Göran Hospital, Stockholm, Sweden. Inclusion criteria included being HIV IgG seronegative and having no clinical symptoms of sexually transmitted infections during the 3 months prior to surgery. The hysterectomy samples were immediately transported on ice to the pathology department, where a pathologist specializing in gynecological specimens processed endometrial, endocervical, and ectocervical biopsy specimens (at least 3 by 3 mm per sample). All samples were snap-frozen in liquid nitrogen within 30 min of surgical removal and stored at Ϫ80°C until mass spectrometry analysis. Informed consent was obtained from all study subjects, and ethical approval was obtained from the Regional Ethical Review Board in Stockholm.
Preparation of FGT tissue samples for mass spectrometry analysis. FGT tissue samples were added to a lysis buffer (7 M urea, 2 M thiourea, 40 mM Tris [pH 7.6], 100 mM dithiothreitol) and placed into MACS M tubes. Tissues were mechanically homogenized by a MACS Dissociator (Milteny Biotech) on setting RNA-02-01M, which sonicated the samples for three 85-s intervals. Samples were then centrifuged at 9,000 rpm at 4°C for 20 min for clarification and centrifuged again at 15,000 rpm at 4°C for 30 min to remove cell debris. The protein concentration of the supernatants was determined by 2D-Quant assay (GE Healthcare). The same amount of total protein from each sample was then prepared for label-free tandem mass spectrometry analysis (data not shown). Statistical analysis of protein expression was performed by one-way analysis of variance (ANOVA). The complete protein expression data set and detailed mass spectrometry methods can be found at our public database (www.corefacility.ca/proteomics/data/burgener /pubs/2013jvi).
Hierarchical clustering and IPA. Cluster analysis was performed using Cluster software, version 3.0, and data were visualized using TreeView software, version 1.1.5 (16) . Clustering of proteins and tissues was generated by unsupervised centroid linkage hierarchical clustering using the Pearson correlation coefficient as the distance metric. The data set containing differentially abundant proteins (P Ͻ 1 ϫ 10 4 ) was analyzed by Ingenuity Pathway Analysis (IPA) software (Ingenuity Systems, Mountain View, CA). The association between proteins in the data set and the canonical pathways in the Ingenuity Pathway Knowledge Base was measured as a ratio of the number of molecules from the data that map to a pathway divided by the total number of molecules that map to the canonical pathway. A right-tailed Fisher exact test (with Benjamini-Hochberg multiple testing correction) was used to calculate the P value of the probability that the association between each protein in the data set and canonical pathway is random. Pathways with P values of Ͻ0.05 and at least two proteins were selected as potential pathways associated with each branch in the cluster analysis. Biological function analysis was also performed by the IPA software, which compares protein expression patterns against the biological function database. A P value association and weighted z score are calculated, where the z score denotes the predicted increased activation (positive) or decreased activation (negative) of this pathway.
In situ detection of selected proteins by immunohistochemistry. Immunohistochemistry was performed on 8-m-thick sections of cryopreserved tissue samples. The sections were fixed in 2% formaldehyde prior to the use of the peroxidase-labeled streptavidin-biotin amplification method as previously described (17, 18) . In brief, endogenous biotin was blocked with the Vector Laboratories biotin/avidin blocking kit (Vector Laboratories, Burlingame, CA); this was followed by the addition of primary antibodies polyclonal mouse anti-human A2ML1 IgG (ab72872; Abcam Inc., Cambridge, MA), monoclonal mouse anti-human anti-stefin B/cystatin B IgG2b (ab72353; Abcam), biotinylated goat anti-human IgA (2052-08; Southern Biotech, Birmingham, AL), serpin A1 IgG (ab9400; Abcam Inc.), and polyclonal goat anti-human elafin/trappin IgG (AF1747; R&D Systems Europe Ltd., Abingdon, United Kingdom). Thereafter, secondary biotinylated polyclonal rabbit anti-mouse Ig antibody (E0413; Dako Sweden AB, Stockholm, Sweden) and rabbit anti-goat Ig antibody (E0466; Dako Sweden AB) were added prior to the use of peroxidase-based Vectastain (Vectastain Elite Standard; Vector Laboratories). The staining reactions were developed brown by using diaminobenzidine tetrahydrochloride, and the sections were counterstained with hematoxylin. The negative control consisted of incubation in the presence of the secondary antibody alone. The immunohistochemically stained sections were examined with a DMR-X microscope (Leica, Wetzlar, Germany).
RESULTS
Hierarchical clustering analysis distinguishes FGT compartments by proteins involved in immune pathways. Representative biopsy samples from different tissue compartments of the lower and upper FGT, including the ectocervix, endocervix, and endometrium, were obtained from seven healthy women donors who underwent hysterectomy for nonmalignant and noninflammatory conditions. The same amount of total protein extracted from each tissue sample, representing each compartment, was independently analyzed by mass spectrometry. More than 1,000 unique proteins were identified with high confidence. The relative abundance ratios of these proteins were calculated by dividing each by the average intensity across all of the samples. Detailed information on this data set can be found in Materials and Methods.
Hierarchical clustering was performed in order to visualize compartment-specific differences in protein expression (Fig. 1) . A high threshold was set to distinguish differentially abundant proteins (P value of Ͻ1 ϫ 10 Ϫ4 based on a one-way ANOVA) to increase the stringency of selection, which represented a total of 281 proteins. Cluster analysis showed a clear discrimination of each compartment on the basis of protein abundance, grouping each compartment into three distinct trees (columns). One exception noted was sample P5-EDM, which showed a closer relationship with the endocervix group. Overall, a clear distinction of factor-specific expression by each tissue was identified.
To determine if any of the differentially abundant proteins were enriched for any particular pathways, the IPA tool was used to analyze the data set. Two distinct branches were observed that showed a clear overabundance of specific proteins in ectocervical samples (branch 1) and many in endometrial samples (branch 2). The top two canonical pathways associated with branch 1 were critical immune response pathways, including LXR/RXR activation (P ϭ 1.82 ϫ 10 Ϫ17 , where 14 out of the 136 proteins involved in this pathway were found) and acute-phase signaling (P ϭ 1.44 ϫ 10 Ϫ9 , 10/178 proteins) ( Fig. 2A) . In contrast, the top two canonical pathways associated with branch 2 were RhoA signaling (P ϭ 2.31 ϫ 10 Ϫ6 , 12/114 proteins) and gluconeogenesis (P ϭ 2.31 ϫ 10 Ϫ6 , 7/50 proteins) (Fig. 2B ). This unbiased approach shows the distinct biology of each compartment based on protein expression patterns.
The abundance profiles of proteins involved with the LXR/ RXR (14 proteins) and acute-phase response (10 proteins) pathways are shown in Fig. 3A and B, respectively. These pathways overlap significantly; seven of these proteins (AHSG, ALB, HPX, ORM1, SERPINA1, SERPINF2, and TF) are found in both pathways. These pathways are important in providing first-response innate protection from pathogens, as well as regulating immune responses (19, 20) . The acute-phase response includes many antiproteases such as serpins, alpha-2-macroglobulin, and inter-alpha-trypsin inhibitor, whereas the LXR/RXR pathway includes these, as well as apolipoproteins, transferrin, and other mediators. A clear overabundance of these proteins was observed in ectocervix tissue compared to the other two compartments, which indicates that the ectocervix is the major contributor of these immune response proteins. The endometrium was enriched for proteins involved in gluconeogenesis and RhoA signaling ( Fig. 3C and D,  respectively) . The RhoA pathway is important for cellular organization, regulation of intermediate filaments, and contraction (21) . Many of these proteins included actins and actin-related proteins, Rho GTPase-activating proteins, septins, radixin, protein phosphatase 1, cofilin, moiesin, and profilin. Gluconeogenesis proteins ). Clustering of proteins and tissues was generated by unsupervised centroid linkage hierarchical clustering using the Pearson correlation coefficient as the distance metric. Protein abundance levels are shown in color, with red indicating overabundant proteins and green indicating underabundant proteins compared to the mean of all tissue samples. FGT compartment tissues (columns) are grouped together and distinguished by two distinct branches (left side) of protein abundance patterns (ECC, ectocervix; EDC, endocervix; EDM, endometrium). The heat map shows almost perfect clustering of tissue compartments based on protein abundance patterns (with the exception of EDM5, which clustered with the endocervical group).
FIG 2
The ectocervix and endocervix are distinguished by increased activation of immune response pathways. The top two branches identified by hierarchical clustering were analyzed by comparative IPA software. The major canonical pathways represented in branches are shown (A, branch 1; B, branch 2), with the most statistically significantly associated pathways shown in decreasing order (top to bottom). Branch 1 identifies the LXR/RXR and acute-phase response pathways as the top pathways associated with proteins found to be overabundant in ectocervical tissue. The RhoA and gluconeogenesis pathways are identified as the top pathways associated with proteins found to be overabundant in endometrial tissue. Associations calculated by a right-tailed Fisher exact test (with Benjamini-Hochberg correction) (log P values are on the horizontal axis) were used to calculate the P value of the probability that the association between each protein appearing in the data set and a canonical pathway is random. Only the top eight associated pathways are shown for vertical sizing.
included enzymes that process triose phosphates, citric acid cycle intermediates, and hexoses for storage, which is critical for the development of cells and tissue. Not surprisingly, this indicates that the endometrium is in a state of cellular growth, turnover, and development.
Proteins differentially abundant in tissue compartments of the FGT are significantly associated with virus infectivity pathways. Differentially abundant proteins were further compared against the biological function database in IPA to determine if these expression patterns overlap with specific biological functions. The IPA software calculates P values for the association of these proteins with specific functional categories and weighted z scores that denote increased expression (positive) or decreased expression (negative). Interestingly, the most statistically significant association was with proteins that have previously described involvement with viral infectivity (Table 1) , where the ectocervix and endocervix showed decreased expression (negative z scores) and the endometrium showed increased expression (positive z score). The proteins involved in this pathway (67 molecules) are shown in Fig. 4 , separated by cellular location (nucleus, cytoplasm, extracellular), with the average protein abundance in the ectocervix (A), the endocervix (B), and the endometrium (C) represented by color (red, overabundant; green, underabundant). A clear overexpression of these factors was observed in the endometrium, while both the ectocervix and endocervix showed lower expression. Many of the intracellular factors have roles in promoting HIV pathogenesis, including integrins (ITGA5, ITGB1, ITGAV), annexins (ANXA2, ANXA5, ANXA6) (22), CD63 (23), CD44 (24), filamin A (FLNA) (25) , caveolin (CAV1) (26), ribosomal proteins (RPS10, RPS27A) (27), nuclear factor Sam68 (KHDRBS1) (28) , and SAP145 (SF3B2) (29) . Conversely, extracellular inflammatory and immune response factors such as serpins, immunoglobulins, and complement components were more abundant in the ectocervix than in the endocervix and endometrium, respectively. This demonstrates that proteins differentially abundant in different compartments are involved in viral infectivity pathways, many of which have known roles in promoting HIV infection.
Soluble mucosal immune factors are not uniformly abundant in compartments of the FGT. Soluble immune factors that have been previously reported to be involved in HIV pathogenesis were identified, separated by functional classes (antiproteases, immunoglobulins, complement components, antimicrobial factors), and graphed in Fig. 5 for each FGT compartment. Factors that have multiple functions are shown in more than one category.
The majority of these factors were found to be more abundant in the ectocervical and endocervical compartments than in the endometrium. Antiproteases (Fig. 5A) were most predominant in the ectocervix, with average abundance levels of all serpins (serpins A1, A3, C1, B1, and B3) considerably higher, ranging from ϳ0.5-to 1-log 2 -fold difference from the other compartments (serpins A1, A3, C1, and B1) and others with a Ͼ1-log 2 -fold difference (serpin B3). Other antiproteases (A2ML1, A2M, cystatins, elafin, and ITIH4) showed similar trends with an ϳ1-log 2 -fold change between one or more compartments and the highest expression in the ectocervix. In contrast, SLPI was more abundant in the endocervix (ϳ3 log 2 -fold more abundant) than in the ectocervix and the endometrium. Immunoglobulins (Ig), including heavy chains of the IgG, IgM, IgJ, IgHA1, and IgHA2 subtypes and Ig light chains (Fig. 5B) showed a clear trend of overabundance in ectocervix tissue and significantly lower levels in the endometrium. For example, extracellular IgHA1 and IgHA2 are shown to be ϳ1-to 2-log 2 -fold more abundant in the ectocervix than in the endocervix and the endometrium, respectively. The highest expression of the majority of complement components (Fig. 5C ) was observed in ectocervical tissue, with the exception of C1QBP (highest in the endometrium). The distribution range was generally within the 0.5-log 2 range, with some exceptions, such as C4BPA, which was 1 log 2 more abundant in the ectocervix than in the endocervix or the endometrium. In contrast, specific antimicrobials trended toward greater abundance in endocervical tissue (Fig. 5D) . Mucins, lysozyme, whey acidic proteins (including SLPI), thrombospondin, lipocalin, and lactoferrin were most abundant in the endocervix, with some (WAP protein 2 and SLPI) showing 3-log 2 -fold higher levels. Heat shock proteins and histones were most abundant in the endometrium, showing ϳ0.5-and 1-log 2 -fold differences from the endocervix and ectocervix, respectively. Only cathepsin G and dermicidin had the highest expression in the ectocervix, ranging from 0.5-to ϳ1-log 2 greater abundance. However, as some antiproteases have antimicrobial activity and are overabundant in the ectocervix, this suggests that both the ectocervix and the endocervix are major sources of these antimicrobial proteins. These data show that many immune factors important for HIV pathogenesis are compartmentalized throughout the lower and upper FGT and are considerably heterogeneous between sites. Tissue localization of factors associated with anti-HIV activity in different FGT compartments. Several soluble mucosal proteins have been associated with altered susceptibility to HIV in the cervical mucosa of HESN individuals, including secretory IgA, serpins, cystatins, elafin, and A2ML1 (10, (12) (13) (14) 30) . Many of these soluble factors may also inhibit HIV-1 replication in susceptible cell types (2, (30) (31) (32) . Although they have been well characterized in mucosal secretions, their relative distribution in the compartments of the FGT and their cellular origin have not been elucidated. To further characterize these immune factors, immunohistochemical staining was performed to visualize the antiproteases serpin A1, elafin, cystatin B, A2ML1, and IgA in tissues of the ectocervix, endocervix, and endometrium, which are shown in Fig. 6 .
All proteins were found to be expressed within all three tissue types but with different distribution patterns. The highest expression was found in the ectocervix (Fig. 6A) , followed by the endometrium and (Fig. 6C ) and the endocervix (Fig. 6B) . Within the ectocervix, A2ML1, serpin A1, and IgA expression was detected both in the basal layer of the epithelium and in the submucosal layer whereas cystatin B and elafin were detected only in the epithelium (Fig. 6A ). Elafin and serpin A1 were localized to the columnar epithelium of the endocervix, whereas A2ML1, cystatin B, and IgA were detected in the submucosal layer of the endocervix (Fig. 6B) . Within the endometrium, A2ML1, serpin A1, and IgA were found mainly at or adjacent to the columnar epithelium whereas cystatin B-positive cells were detected mainly in the myometrium (Fig. 6C) . Thus, the in situ staining concurred with the mass spectrometry analysis: A2ML1, cystatin B, elafin, serpin A1, and IgA were expressed with various abundances in these three compartments of the FGT and the highest expression was found in ectocervical tissue. This demonstrates that these antiviral factors are positioned at the forefront of likely areas of HIV exposure, although their cellular and anatomical distribution is considerably heterogeneous.
DISCUSSION
This comprehensive proteomic analysis of the lower and upper FGT provides numerous insights into the biology of the ectocervical, endocervical, and endometrial compartments. This is the first study to comprehensively quantify immune factors in different compartments of the FGT and show that these environments are clearly distinguished by proteins involved in innate immune pathways. The ectocervix contains the highest abundance of soluble factors important for the immune response, including antiproteases, immunoglobulins, complement components, and other antiviral proteins, supporting a frontline role. In contrast, the endometrium expresses many proteins that are involved with supporting HIV infectivity. This is the first study that shows the distinct immunological differences of each tissue compartment in the lower and upper FGT by a systems biology approach and may have important implications for mucosally transmitted infections, such as HIV.
The LXR/RXR and acute-phase response pathways were found overabundant and predominantly in the ectocervix, which is consistent with its anatomical location. The lower FGT is populated with commensal microorganisms such as Lactobacillus that are kept separated from the body by a multilayered squamous (ectocervix and vaginal vault) or columnar (endocervix) epithelium. The maintenance of a balance of bacterial communities in the FGT is facilitated by both innate and adaptive immune mechanisms that are regulated in part by the LXR/RXR and acute-phase response pathways (19, 20) . Therefore, the activation of these pathways in the ectocervix is expected and agrees with other studies showing that the ectocervix as a primary site for antigen-presenting cells and cytotoxic T-cell responses (33) . The intermediate expression of acute-phase response/LXR/RXR pathways in the endocervix and their lowest expression in the endometrium also agree with the fact that the region from the endocervix to the upper portion of the FGT is less exposed to external pathogens. Activation of these pathways may be important for the inhibition of HIV infection, as acute-phase responses have been implicated as critical modulators that limit HIV replication during early stages of HIV viremia (34) , with some proteins in these pathways, including serpins, capable of inhibiting HIV-1 replication (32). However, it is unknown how these pathways affect immune cell populations and these responses may be detrimental as they may increase target cell availability.
There is a paucity of information about the upper FGT and HIV infection, presumably because it is thought not to play a significant role in HIV pathogenesis. This systems analysis indicates that the endometrium harbors larger amounts of proteins involved with viral infectivity pathways and smaller amounts of proteins that could potentially inhibit HIV infection. The endometrium was distinguished by the increased expression of proteins involved in RhoA signaling and gluconeogenesis; although this is consistent with the biological function of this compartment in a reproductive capacity, it may also facilitate HIV infection. For example, RhoA pathway proteins, including actin, are utilized by HIV to facilitate entry into permissive cells, and the cellular proteins radixin, moesin, and cofilin further aid in HIV propagation (35) . Gluconeogenic pathway activation may further support HIV replication by engaging enzymes that can enhance ATP production and thus support energy for the viral protein production machinery. Furthermore, biological function analysis indicated that the endometrium produces larger amounts of certain intracellular proteins involved with promoting virus and HIV infectivity. However, it is unknown what role these differences in protein expression have in tissue susceptibility to HIV infection. It is also unknown whether these expression patterns translate to HIV-susceptible cell types such as T cells. Certainly, this information would have to be balanced with both the availability of target cells and the number of virus particles exposed to each site (presumably far fewer than would be exposed at the ectocervix, for example), which are likely large contributing factors to in vivo infection events. However, the facts that an abundance of T cells and HIV-1 coreceptor expression has been described in all compartments, including the endometrium (18, 36, 37) , and that endometrial tissue can support HIV-1 replication in vitro support it as a possible portal of entry (38, 39) . At the very least, this finding warrants further studies of this compartment as a potential contributor to HIV transmission events and should not be excluded.
Many soluble mucosal factors have been described as important for the general immune response of the FGT and HIV pathogenesis, including antiproteases, immunoglobulins, complement components, and specific antimicrobial proteins with in vitro HIV-inhibitory activity. Antiproteases have diverse roles in nature, such as inhibition of protease activity, signal transduction pathways, regulation of inflammation (32, (40) (41) (42) , and innate defense against microorganisms, including HIV (13, 32, 43, 44) , as well as being associated with HIV resistance in HESN populations (10, (12) (13) (14) . The role of complement components has been well studied (7), but for HIV infection they have been shown to be controversial as they can be involved in both inhibition and facilitation of HIV-1 infection (8). They can help control viremia but, on the other hand, act as a carrier of HIV infection and aid in its spread (8, (45) (46) (47) . Mucosal antibodies such as IgG and IgM are important for anti-HIV responses (4, (48) (49) (50) , although arguably the most important antibody is secretory IgA, as HIV-1 neutralizing IgA has been implicated in resistance to HIV infection in HESN cohorts (9) (10) (11) 51) and is functionally relevant in animal and anti-HIV vaccine trials (5, 6) . Finally, many nonspecific in-
Bright-field images of in situ staining of selected antiproteases and immunoglobulins in tissue sections from the ectocervix (A), endocervix (B), and endometrium (C). The tissue sections shown were stained with hematoxylin (blue) for visualization of cell nuclei. Images A1, B1, and C1 are ϫ5 overview pictures of representative ectocervix, endocervix, and endometrium tissue samples showing the epithelium and the submucosal layer. For visualization of immune proteins, tissue sections were stained (brown) for A2ML1 (A2, B2, and C2), cystatin B (A3, B3, and C3), elafin (A4, B4, and C4), IgA (A5, B5, and C5), serpin A1 (A6, B6, and C6), rabbit anti-mouse IgG (A7, B7, and C7), and rabbit anti-goat IgG (A8, B8, and C8) antibodies. The A1, B1, and C1 images were collected with a 5ϫ/0.12 objective (scale bars, 500 m), and all of the other images were collected with a 40ϫ/0.65 objective (scale bars, 50 m).
nate antimicrobial proteins have in vitro HIV-inhibitory activity, such as mucins, whey acidic proteins, lysozyme, SLPI, lactotransferrin, and thrombospondin (2, 3), which can help to neutralize HIV. The predominance of all of these factors in the ectocervix and endocervix, both in the proteomic data set and by immunohistochemical analysis, suggests that these two sites are the major drivers and producers of soluble immune factors against HIV in the FGT.
There were some limitations to this study that warrant discussion. Because of the sensitivity limitations of this mass spectrometry analysis, the expression patterns of lower-abundance proteins, such as cytokines, chemokines, and other important immune regulators, could not be evaluated. Analysis of these factors is critically needed and is an important next step. Also, although tissue samples were taken from women who underwent hysterectomy for nonmalignant and noninflammatory conditions, they represented an older age group. Therefore, these findings agree with this specific age group and it is possible that age has an impact on the immunological environment, which may be different in younger women. However, none of these women were on hormonal contraceptives or had reached menopause. In any case, the homogeneity of compartment-specific results still supports the findings of different immune factor environments throughout the FGT.
This systems biology analysis provides an in-depth characterization of the distinctive biological compartments of the FGT and the production of soluble factors important for immune defense and HIV pathogenesis. The ectocervix contains the largest amounts of antiproteases, complement components, and immunoglobulins, while the endocervix has the largest amount of antimicrobials implicated as key players in HIV infection. While the biological significance of this in HIV transmission in different FGT compartments remains unknown, it does indicate a vastly different immunological environment for the virus, depending on the site of first exposure. The contributions of these factors are likely a complex interplay of activating and inhibiting components, a balance of which may influence viral replication, target cell availability, or the development of the initial adaptive immune response. This information should be an important consideration in the evaluation of these immune factors in the FGT during HIV vaccine and/or microbicide trials and studies that evaluate early transmission events in the FGT.
